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(54) Vacuum-type automatic dehurnidifying and drying apparatus for powdered or granular 
material 



(57) A vacuum-type automatic dehurnidifying and 
drying apparatus for powdered or granular material such 
as a pelletized or powdered resin or the like, provided 
with a drying hopper (1) connected to an evacuating 
means (27) having at its bottom a material discharge 
valve (24), and provided with a material collector (22) 
communicating with the drying hopper (1 ) via a material 
feeding valve (23) above the drying hopper (1 ) for col- 
lecting the powdered material therein. The apparatus 
comprises a double constructed drying hopper (1 ) hav- 



ing a cylindrical main body (1a) made of a high heat con- 
ductivity material provided on its inner peripheral sur- 
face with plural fins , which define compartment walls, 
projecting inwardly and provided on its outer peripheral 
surface with a heating means (3) surrounding the cylin- 
drical main body (1a). The main body (1a) is outwardly 
enclosed with a heat insulation wall (2), and comprises 
an outer air inlet (28) for introducing outer air thereinto, 
a material sensor (14) for detecting amount of the ma- 
terial stored in the hopper (1 ), and an evacuating means 
(27) connected to the main body (1a). 
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Description 

1 . Field of the Invention 

[0001] The present invention relates to a vacuum- 
type automatic dehumidifying and drying apparatus tor 
powdered or granular material wherein powdered or 
granular material is efficiently dehumidified at a short 
time under vacuum condition and the dehumidified pow- 
dered or granular material is automatically discharged 
and thereafter subsequent material is continuously sup- 
plied thereinto for a next execution. 

2. Prior Art 

[0002] A conventional vacuum-type automatic dehu- 
midifying and drying apparatus for powdered or granular 
material, as shown in Fig. 15, is disclosed in JP-A- 
6-114834. 

[0003] According to the vacuum-type automatic dehu- 
midifying and drying apparatus for powdered or granular 
material C, a supply receiving port 101 comprised of a 
material suction mechanism 102 and an air separation 
mechanism 103 for collecting only powdered or granular 
material and separating air is provided at the top of the 
system C. A dual constructed main body 1 07 of the vac- 
uum dehumidifying dryer is provided under the material 
receiving port 101 via an upper automatic switch valve 
104. A heat exchanger 108 comprised of a heat pipe 111 
and a fin pipe 110 housing PT C. (positive thermal ce- 
ramic) coated with composition emitting far infrared ra- 
diation is provided in the main body 107. 
[0004] Under the main body 1 07 of the vacuum dehu- 
midifying dryer a storage tank 11 2 for temporally storing 
raw material is provided via a lower automatic switch 
valve 115 which is double closing type. A raw material 
receiving port 113 for a plastic molding machine is pro- 
vided at the lower end. The members from the supply 
receiving port 101 at the upper end to the material re- 
ceiving port 113 at the lower end are constructed verti- 
cally. 

[0005] The dehumidifying dryer C is provided with a 
vacuum pump 105 so that dehumidified synthetic resin 
powder is continuously and automatically supplied at a 
short time with saving energy while evacuating the main 
body 107 of the dehumidifying dryer. 
[0006] However, the comp heatedly constructed heat 
exchanger 108 with the vertically extending heat pipe 
111 and the fin pipe 101 housing PTC is provided at 
plural parts in the main body 107. 
[0007] Further because the heat pipe 111 transmits 
heat from a heating source in a vertical direction, minute 
heating control such as varying vertical heating temper- 
atures or dividing the heat exchanger vertically can't be 
achieved. 



Summary of the Invention 

[0008] The present invention has been proposed to 
solve the above-mentioned problems. The object of the 

s present invention is to provide a vacuum-type automatic 
dehumidifying and drying apparatus for powdered or 
granular material wherein inner construction is simple, 
heat from a heating source is transmitted in a horizontal 
direction, minute heating control can be executed and 

10 dehumidified material by heating at gentle and uniform 
temperature is automatically and constantly supplied to 
a next step. 

[0009] According to the present invention, a vacuum- 
type automatic dehumidifying and drying apparatus for 

is powdered or granular material such as a pelletized or 
powdered resin or the like is provided with a drying hop- 
per having at its bottom a material discharge valve and 
an evacuating means, and with a material collector com- 
municating with the drying hopper via a material feeding 

20 valve above the drying hopper for collecting the pow- 
dered or granular material therein. 
[0010] The dehumidifying and drying apparatus is 
comprised of a double constructed drying hopper having 
a cylindrical main body made of a high heat conductivity 

2$ material provided on its inner peripheral surface with 
plural fins, which define compartment walls, projecting 
inwardly and on its outer peripheral surface with a heat- 
ing means surrounding the cylindrical main body. The 
hopper is constructed such that the main body is out- 

30 wardly enclosed with a heat insulation wall. 

[0011] The dehumidifying and driying appratus is also 
comprised of an outer air inlet provided with the main 
body for introducing outer air into the drying hopper, a 
material sensor in the hopper for detecting amount of 

35 the material stored in the hopper, and an evacuating 
means connected to the main body for evacuating the 
main body 

[0012] Accordingly powdered or granular materia! 
which is fed and stored in the drying hopper until the 

40 material sensor is turned off is heated in the main cylin- 
drical body by driving the heating means while keeping 
the drying hopper vacuum by the evacuating means dur- 
ing dehumidifying and drying process, while required 
amount of dehumidified and dried powdered or granular 

45 material in the drying hopper is discharged by opening 
the material discharge valve after the drying hopper is 
returned to an atmospheric pressure condition by open- 
ing the outer air inlet, and sequentially powdered or 
granular material is fed again from the material collector 

50 to the hopper for next dehumidifying and drying process 
by opening the material feed valve until the material sen- 
sor is turned off. 

[0013] "Vacuum" in this specification should be con- 
strued as a wide concept including a condition pressu- 
55 rized under atmospheric pressure. 

[0014] The dehumidifying and drying system is char- 
acterized in that it is provided with a heat conducting 
heating means. 
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[0015] The present invention has an ey on the ma- 
terial itself comprising a drying hopper. Mat rial with ex- 
cellent heat conductivity such as aluminum is used in- 
stead of iron and stainless steel which has been used 
in the prior art. Therefore, it is characterized in that a 
heating means (heat generation means) can be provid- 
ed a fixed distance apart from powdered or granular ma- 
terial to be heated by actively utilizing the heat conduc- 
tivity of the material. 

[0016] Conventionally a heat conductor associating 
the heating means and the object to be heated hasn't 
been recognized actively. Therefore, the heating means 
has been provided as close as possible to the object to 
be heated according to the conventional dehumidifying 
dryer. Namely, the comp Heatedly constructed heat ex- 
changer with the fin pipe housing P.TC. and the heat 
pipe has been provided everywhere in the drying hop- 
per. 

[0017] However according to such a construction; the 
system is complicated and the heating means hasn't 
been divided vertically because the heat pipe transmits 
heat in vertical direction. 

[001 8] On the other hand, according to the present in- 
vention, a heating means is provided only at outside of 
a heating hopper as a rule and the heat from the heating 
means runs through powdered or granular material in 
the drying hopper by actively utilizing heat conductivity 
of the material of the heating hopper. 
[0019] Therefore, plural compartment walls, fins, ex- 
tend inwardly from the inner circumference of the cylin- 
drical heat conducting wall comprising the drying hop- 
per. The compartment walls are made of the same ma- 
terial as the heat conducting wall and gently conducts 
heat supplied from the heating means by heat conduc- 
tion into a central direction at uniform temperature so as 
to gently heat powdered or granular material in the dry- 
ing hopper. 

[0020] The compartment walls extending inwardly 
have a predetermined width so that heat conduction is 
executed efficiently. The compartments in the drying 
hopper divided by the compartment walls have almost 
the same sectional area. Accordingly heat conducting 
area is designed to be widen to improve heating efficien- 
cy so that powdered or granular material can be heated 
uniformly and divided as minute as possible. 
[0021] The characteristic of the heating means of the 
present invention lies on that heat is transferred in a hor- 
izontal direction from the heating means (heat genera- 
tion means), not in a vertical direction like a heat pipe. 
[0022] The heating means can be departed at a fixed 
distance from the object to be heated so that there are 
only compartment walls extending vertically in the hop- 
per dryier. Furthermore, heat transferring direction is 
horizontal because a heat pipe isn't used in the hopper 
so that the hopper dryer can be easily divided vertically. 
[0023] Additionally, such a dehumidifying drying sys- 
tem is a little deteriorated on the point of heat conducting 
time comparing to the conventional idea that heating 



means is provided as close as possibl to the object to 
be heated for cutting down heating time, expediting, and 
heating uniformly. However, the present invention has 
eyes on heat conductivity of the material such as uni- 

5 form temperature and gentle heating and proposes an 
idea that the heating means is set apart from the object 
to be heated. Looking overall, the present invention can 
achieve equal heating efficiency comparing to direct 
heating and obtain an effect like simplified construction. 

io [0024] Next, the present invention is characterized in 
that dehumidifying and drying system is provided with 
the outer air introduction port for assuring discharge or 
feed of material while being dehumidified under vacuum 
condition. 

[0025] Generally if the drying hopper is vacuum and 
the material collector at a former step and piping to a 
next step aren't kept vacuum, laminated condition of 
powdered or granular material in the drying hopper is 
destroyed because of rapid outer air flow and the bevel 
regulating member doesn't have a meaning to be pro- 
vided. In order to eliminate such a phenomenon, the dry- 
ing hopper is returned to be atmospheric pressure like 
the former step and the next step from vacuum condition 
by means of the outer air introduction port, then the ma- 
terial feed valve and the material discharge valve should 
be opened. 

[0026] The outer air introduction port is provided in or- 
der that the inside pressure and outside pressure of the 
drying hopper becomes the same when material is dis- 
charged or fed. Accordingly material can be discharged 
or fed by appropriately breaking vacuum condition of the 
drying hopper even when material is dehumidified under 
vacuum condition. 

[0027] However, such an outer air introduction port 
isn't required if the material collector at the former step 
and the pipe to the next step are kept at the same vac- 
uum degree or depressurized degree as the drying hop- 
per. 

[0028] Further, the material collector may not be al- 
ways required according to the embodiment of the 
former step. 

[0029] According to other embodiment of the vacuum- 
type automatic dehumidifying and drying apparatus of 
the present invention, the drying hopper is provided with 
a leak adjustment mechanism with a leak hole for con- 
trolling introduction amount of a carrier gas to be fed 
from outside into the drying hopper, of which moisture 
and temperature have been previously controlled, 
whereby useless gas heated in the drying hopper is dis- 
charged corresponding to the amount of the carrier gas 
introduced through the leak adjustment mechanism by 
driving the evacuating means during dehumidifying and 
drying process. 

[0030] According to such a dehumidifying and drying 
system, it is further characterized in that carrier gas dis- 
placement is utilized. 

[0031] The carrier gas displacement is characterized 
in that heating and dehumidifying are separated unlike 
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the conventional vented dehumidifying and drying sys- 
tem wherein heating and dehumidifying of powdered or 
granular material are treated as a whole. In the present 
invention, dehumidifying is executed such that moisture 
vapor and gaseous body including useless gas such as 
volatile gas generated from powdered or granular ma- 
terial in the drying hopper are replaced by carrier gas of 
which moisture and temperature are adjusted. There- 
fore, this method is called a carrier gas displacement. 
[0032] The carrier gas indicates gas introduced into 
the drying hopper from outside. The carrier gas is pref- 
erably set at a predetermined temperature, has lower 
moisture and lower consistency of impurities than gas 
generated from the powdered or granular material to be 
dried and discharged from the hopper dryer. Nitrogen 
gas ts included in carrier gas other than air and atmos- 
pheric air depending on dehumidifying condition com- 
plying with the kinds of powdered or granular material 
to be dried 

[0033] If such a carrier gas dispfacement is used, 
powdered or granular material can be dehumidified by 
the amount of carrier gas several times as the actual air 
amount in the hopper dryer excluding the volume of 
stored powdered or granular material comparing to the 
conventional vented dehumidifying and drying system 
which roquiros heated air several ten times as the actual 
air amount Therefore, required gas amount for dehu- 
midifying can be remarkably reduced, the system can 
be compact and dehumidifying can be executed effi- 
ciently at short time. 

[0034] Further, when preferable carrier gas is used, 
drying efficiency is more improved and adverse effect 
on the object to be dried can be eliminated. 
[0035] According to still other embodiment of the 
present invention, the drying hopper comprises an outer 
compartment member provided on its inner peripheral 
surface with plural fins radially projecting toward the 
center of the main body, an inner compartment member 
disposed in the center space of the main body and hav- 
ing plural fins radially projecting toward the fins of the 
outer compartment member. The drying hopper also 
comprises a bevel regulating member disposed under 
the inner compartment member between a material dis- 
charging hole of the drying hopper and the inner com- 
partment member. Each fin of the compartment member 
is formed at its upper end with an upper cut-away portion 
which is inclined downwardly to the center of the main 
body and al its lower end with a lower cut-away portion 
which is inclined downwardly to the center of the main 
body and each fin of the inner compartment member is 
formed at its upper end with an upper cut-away portion 
which is inclined downwardly to the fin of the outer com- 
partment compartment and at its lower end with a lower 
cut-away portion which is inclined downwardly to the fin 
of the outer compartment member. 
[0036] Accordingly, material fed into the drying hop- 
per is sequentially dehumidified and dried in the drying 
hopper and thereafter discharged in a manner of first-in 



and first- out execution. 

[0037] The dehumidifying and drying system is char- 
acterized in that the bevel regulating member is provid- 
ed and the shape of the inner compartment member 
s where the bevel regulating member is provided is spec- 
ified. When material is discharged or supplied, the dry- 
ing hopper should be at atmospheric pressure in order 
to have an effect of the bevel regulating member, as 
mentioned above. 
10 [0038] Therefore, according to the dehumidifying and 
drying system, the effect of a first -in -first-out plug of the 
bevel regulating member can be adequately achieved 
and dehumidified powdered or granular material is se- 
quentially discharged from the lower layer and new ma- 
15 terial is fed on the upper layer while keeping the lami- 
nated condition in the hopper dryer. As the result, pow- 
dered or granular material in the lower layer is more de- 
humidified so that the most dehumidified powdered or 
granular material is sequentially discharged. On the oth- 
er hand, powdered or granular materia! to be dehumid- 
ified is laminated on the upper layer. Accordingly the 
vacuum-type dehumidifying and drying system can au- 
tomatically and constantly supply perfectly dehumidified 
powdered or granular material to a next step. 
[0039] According to still other embodiment of the 
present invention, the material discharge valve further 
comprises a slide plate slidably disposed under a ma- 
terial discharge hole provided at the lower portion of the 
drying hopper and provided with a discharge subsidizing 
pipe for inducing the material stored in the drying hopper 
through the material discharge hole. The discharge sub- 
sidizing pipe has a material induction portion projecting 
downwardly and a driving means for reciprocating the 
slide plate between an open position for discharging the 
material where the material discharging hole conforms 
with the material discharging hole of the drying hopper 
and a close position for stopping discharging of the ma- 
terial. 

[0040] This dehumidifying and drying system is char- 
acterized in that the discharge subsidizing pipe is pro- 
vided for the material discharge valve as a prevention 
method of material catching for assuring automatic and 
constant discharge of dehumidified powdered or gran- 
ular material. 

[0041] The discharge subsidizing pipe is extended at 
a predetermined distance so that the tip end thereof is 
out of alignment with a peak of the material formed at 
an angle of repose of discharged powdered or granular 
material. Therefore, material flow into discharging direc- 
tion is always generated when the valve is closed, there- 
by eliminating material biting. 

[0042] According to further embodiment of the 
present invention, the material feed valve is provided at 
the upper cover of the main body of the drying hopper 
and the cover is detachably attached to the main body 
of the drying hopper. 

[0043] According to still further embodiment of the 
present invention, the material feed valve is provided at 
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the upper cover of the main body of the drying hopper 
and the cover is pivotally jointed to th main body of the 
drying hopper in a manner capable of being opened and 
closed. 

[0044] The dehumidifying and drying system is con- 
structed such that the upper cover of the drying hopper 
main body provided with the material supply valve is de- 
tachable or open-close type so as to be easily removed. 
When it is removed, the compartment walls vertically ex- 
tending in the hopper and so on are exposed under com- 
pletely opened condition so that cleaning is facilitated. 

Brief Description of the Drawings 

[0045] Fig. 1 a is a plane view of a hopper dryer of one 
embodiment of a vacuum-type automatic dehumidifying 
and drying apparatus for powdered or granular material 
of the present invention. 
[0046] Fig. 1b is its vertical section. 
[0047] Fig. 2 is a schematic diagram showing the 
whole construction of a preferred embodiment of a vac- 
uum-type automatic dehumidifying and drying appara- 
tus for powdered or granular material according to the 
present invention. 

[0048] Fig. 3a is a partially cut away front view of an 
outer view of a main body of a vacuum-type automatic 
dehumidifying an drying apparatus for powdered or 
granular material according to the present invention. 
[0049] Fig. 3b is its side view. 

[0050] Fig. 4 is a partially cut away front view showing 
outer view of the main body of the other embodiment of 
the vacuum-type automatic dehumidifying and drying 
apparatus for powdered or granular material according 
to the present invention. 

[0051] Fig. 5 is a vertical sectional view showing one 
embodiment of the material feed valve of the vacuum- 
type automatic dehumidifying and drying apparatus for 
powdered or granular material according to the present 
invention. 

[0052] Fig. 6 is a vertical section showing details of 
the sealing detachable mechanism of the material feed 
valve. 

[0053] Fig. 7 is a vertical section showing details of 
other embodiment of the sealing detachable mecha- 
nism of the material feed valve. 

[0054] Fig. 8 is a vertical section showing one embod- 
iment of a material discharge valve of the vacuum-type 
automatic dehumidifying and drying apparatus for pow- 
dered or granular material of the present invention. 
[0055] Fig. 9a and Fig. 9b show a basic concept of 
operational principle of the discharge subsidizing pipe 
of the material discharge valve according to the present 
invention. 

[0056] Fig. 10a and Fig. 1 0b show a basic concept of 
operational principle of the conventional material dis- 
charge pipe. 

[0057] Fig. 11 is a partial plane view showing a dust 
scattering mechanism of the material discharge valve of 



the preferred mbodiment. 

[0058] Fig. 1 2 is a schematic diagram showing a cool- 
ing mechanism of a preferred embodiment of the vacu- 
um-type automatic dehumidifying and drying apparatus 
s for powdered or granular material according to the 
present invention. 

[0059] Fig. 1 3 is a schematic diagram showing a ma- 
terial exhausting mechanism of a preferred embodiment 
of the vacuum-type automatic dehumidifying and drying 
apparatus for powdered or granular material according 
to the present invention. 

[0060] Fig. 1 4 is a schematic diagram showing a dust 
collection mechanism of a preferred embodiment of the 
vacuum-type automatic dehumidifying and drying appa- 
ratus for powdered or granular material according to the 
present invention. 

[0061] Fig. 15 is a partially cut away outer front view 
showing one embodiment of the conventional vacuum- 
type automatic dehumidifying and drying apparatus. 

Preferred Embodiment of the Invention 

[0062] A preferred embodiment of the dehumidifying 
and drying apparatus for powdered or granular material 
according to the present invention will be explained re- 
ferring to the attached drawings. 

[0063] At first, a drying hopper comprised of a heat 
conducting heating means which is a characteristic of 
the present invention will be explained. 
[0064] Fig. 1 a and Fig. 1 b shows a hopper dryer of one 
embodiment of a vacuum-type automatic dehumidifying 
and drying apparatus for powdered or granular material 
of the present invention. Fig. 1a is its plane view and 
Fig. 1 b is its vertical section. Fig. 1 b is a vertical section 
of D-D in Fig. 1 a and hatching is omitted so as to prevent 
complication and a part of a bevel regulating member is 
shown as its outer view. 

[0065] The hopper dryer 1 is provided with a cylindri- 
cal heat conducting wall 2 defining an outer compart- 
ment member made of a material excellent in heat con- 
ductivity, such as aluminum, at a periphery of the hopper 
dryer 1 as shown in Fig. 1 a and Fig. 3b. An outer heating 
means 3 is provided around the heat conducting wall 2, 
a heat conducting cylinder 4 defining an inner compart- 
ment member made of a material excellent in heat con- 
ductivity, such as aluminum, is provided in the hopper 
dryer 1, and an inner heating means 5 comprised of a 
pipe heater is provided at the center of the heat conduct- 
ing cylinder 4. 

[0066] Plural fins 6 are vertically extended from the 
heat conducting wall 2 so as to inwardly extend at the 
same width and at a same space, while plural fins 7 are 
radially extended from the center of the heat conducting 
cylinder 4 into the heat conducting wall 2 at the same 
width and at the same space. The fins 6 define outer 
compartment walls and fins 7 define inner compartment 
walls. It is preferable that there are appropriate spaces 
between the facing ends of the fins 6 and 7 so as not to 
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stop powdered or granular material or the tip ends are 
touched. 

[0067] The heat conducting wall 2, the outer heating 
means (heat generation means) 3, the heat conducting 
cylinder 4, the inner heating means (heat generation s 
means) 5, the fins 6, and the fins 7 comprise a hopper 
main body la and also comprise the heat conducting 
heating means. When the capacity of the drying hopper 
is small, it is preferable that the hopper main body la and 
the h eat conducting heating means are comprised of on- 1 o 
ly the heat conducting wall 2, the outer heating means 
(heat generation means) 3, and the compartment walls 
6. 

[0068] The fins 6, 7 in the hopper dryer preferably ex- 
tends radially from outward to inward or from inward to is 
outward. However, if heat conduction is favorably exe- 
cuted and heat is uniformly conducted to the powdered 
or granular material in the drying hopper at a constant 
temperature, the compartment walls may extend in dif- 
ferent ways. Or the fins 6 and 7 may not be the same 20 
width or may not be provided at the same space. 
[0069] Thus small compartments divided by the heat 
conducting wall 2, the heat conducting cylinder 4, and 
the fins 6 and 7 are produced. The fins 6 have almost 
the same sectional area so that conducting heat from 25 
the heat conduction wall 2 is uniformly transferred to the 
material contained in the small compartments. The fins 
6 and 7 are provided as many as possible so as to widen 
the surface area for heat conduction, thereby improving 
heat conductivity. Further, the fins 6 and 7 have prede- 30 
termined width so that heat applied on the heat conduc- 
tivity wall 2 is uniformly transferred into the tip ends of 
the fins 6 and 7 considering heat conductivity of the ma- 
terial. 

[0070] When heat conductivity of the material of the 35 
drying hopper 1 is compared, that of alloy steel is 37 
Kcal/mhr°C, that of stainless steel is about under 
20Kcal/mhr°C. Contrarily that of aluminum used in the 
present invention is l75Kcal/mhr°C, which is remarkably 
different. That of pure copper is 360Kcal/mhr°C and is 40 
excellent in its heat conductivity, however, it may have 
adverse effect on material when pure copper is directly 
touched with the material so that it is required to be ap- 
propriately coated. Therefore, pure copper has many 
troubles to be employed. 45 
[0071] Each upper end of the fins 6 extending inward- 
ly from the heat conducting wall 2 is provided with upper 
cut-away portion 61 inclining downward into the center 
and each lower end of the walls 6 is provided with a low- 
er cut end 62 inclining downward into the center. so 
[0072] Each upper end of the fins 7 of the heat con- 
ducting cylinder 4 is provided with a projection 71 inclin- 
ing downward from the center of the heat conducting 
cylinder 4 to the periphery of the heat conducting wall 2 
and each lower end of the fins 7 is provided with cut- ss 
away portion 72 inclining downward from the center of 
the heat conducting cylinder 4 to the periphery of the 
heat conducting wall 2. 



[0073] Th h at conducting wall 2 is cylindrical and 
comprises a main body of the drying hopp r 1 . The heat 
conducting wall 2 is provided with an upper cover 8 
above and a lower tapered portion 9 narrowing into the 
center of the main body. The upper cover 8 and the lower 
tapered portion 9 are fixed with the heat conducting wall 
2 by means of attachment bolts (not shown). The heat 
conducting cylinder 4 is supported and fixed by sus- 
pending at the center of a pipe 10 bridged between the 
inner walls of a lower reinforcement casing 81 of the up- 
per cover 8. Further, the heat conducting wall 2 of the 
heating hopper 1 is preferably cylindrical, however, it 
may be oval cylindrical or angular cylindrical. 
[0074] The upper cover 8 is detachable for the hopper 
main body la by means of a bolt means (not shown) pro- 
vided for the lower reinforcement casing 81 . When the 
upper cover 8 is removed, a material collector 22 pro- 
vided with a material feed valve 23, will be explained 
hereinafter, (Fig. 2 and Fig. 3), the heat conducting cyl- 
inder 4 and the fins 7 can be removed at the same time. 
[0075] When they are removed, the inside of the hop- 
per main body la is exposed and the compartment walls 
6 are seen. The fins 6 extend vertically so that powdered 
or granular material attached on the fins 6 can be easily 
dropped by blowing pressurized air from upward, there- 
by facilitating cleaning. The heat conducting cylinder 4 
and the fins 7 which are removed with the cover 8 can 
be cleaned like the same as the compartment walls 6. 
[0076] A bevel regulating member 12 is fixed under 
the heat conducting cylinder 4 housing the inner heating 
means 5 comprised of a pipe heater by means of a 
screw insertion (not shown). The bevel regulating mem- 
ber functions as a first-in-first-out plug. 
[0077] The lower tapered portion 9 is formed with a 
hollow 91 at inner circumference thereof and a band 
heater as a heating means may be further provided for 
the hollow 91. 

[0078] The lower part of the fins 7 is supported at the 
lower part of the outer compartment walls 6 via a ring 
body 13. The ring body 13 has enough width on which 
upper end powdered or granular material stayes. If the 
upper end is beveled, powdered or granular material 
doesn't remain thereon. 

[0079] According to the drying hopper provided with 
such a heat conducting heating means, powdered or 
granular material supplied in the drying hopper 1 can be 
heated indirectly, gently and at equable temperature 
and uniformly dehumidified by means of conducting 
heat of the heat conducting wall 2, the heat conducting 
cylinder 4, and the fins 6 and 7 heated by the outer heat- 
ing means 3 provided at outer periphery of the heat con- 
ducting wall 2 and by the inner heating means 5 provid- 
ed at the center of the inner heat conducting cylinder 4. 
Further, powdered or granular material in the small com- 
partment divid d by the heat conducting wall 2, the heat 
conducting cylinder 4, and the fins 6 and 7 is efficiently 
heated by conducting heat from the surface of the sur- 
rounding heat conductivity wall 2. 
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[0080] Furthermore, the upper end of each fin 6 is 
formed with the inclined cut-away portion 61 and the up- 
per end of the fin 7 is formed with the projection 71, re- 
spectively. Therefore, when powdered or granular ma- 
terial is fed from upward, it doesn't remain on these up- s 
per ends and can be equally divided and charged be- 
tween each fin 6 and 7 without trouble. The lower ends 
of fin 6 and 7 are respectively formed with the inclined 
cut-away portion 62 and 72 so that it is convenient for 
providing the plug 12. 10 
[0081] The inclined lower cut-away portions 62 and 
72 are decided according to the shape of the lower hop- 
per to which the compartment walls are adjacent and 
the shape of the plug 1 2. It depends on an idea that heat 
conducting area is increased as large as possible by de- is 
forming the lower cut-away portion conforming with the 
shape of other parts. The cut-away portion conforming 
to the other parts may not be always provided according 
to the required heat conducting area. 

[0082] The upper cut-away portion 61 and the projec- 20 
tion 71 are provided for preventing powdered or granular 
material from remaining. Such a cut-away portion 61 
doesn't always required if the same function can be 
achieved. For example, the upper ends of the fins 6 and 
7 are formed horizontal and beveled such as round 25 
chamfer so as not to remain powdered or granular ma- 
terial thereon. 

[0083] The conventional heating means such as a 
heat pipe made of copper may have an adverse effect 
on the powdered or granular material to be heated. How- 30 
ever, the material of the heat conducting wall 2, the heat 
conducting cylinder 4 and the fins 6 and 7 comprising 
the drying hopper and directly touching powdered or 
granular material in the present invention is made of a 
material such as aluminum which doesn't have adverse 35 
effect on powdered or granular material while heating. 
[0084] The drying hopper 1 is preferably made of alu- 
minum and executed with a surface hardening treat- 
ment of an alumite and so on. In such a case, the hopper 
1 has little adverse effect on powdered or granular ma- *o 
terial, is excellent for durability, and lasts a long time. 
[0085] A nichrome heater or a ceramic heater may be 
provided for the heat conducting wall 2 and the heat con- 
ducting cylinder 4 as the heating means 3 and 5 and 
they may be partially provided so as to heat paritally. 45 
[0086] If aluminum is used for the drying hopper 1 , the 
heat conducting wall and the compartment walls are 
preferably formed integrally by means of an extrusive 
mold or a pull-out mold. The surface thereof is made 
smooth so that powdered or granular material doesnl so 
attach on the surface and can be transferred from up- 
ward to downward of the drying hopper 1 smoothly. 
[0087] Then, the whole construction of a vacuum-type 
automatic dehumidifying and drying apparatus for pow- 
dered or granular material according to the present in- ss 
vention will be explained. 

[0088] Fig. 2 is a schematic diagram showing the 
whole construction of a preferred embodiment of a vac- 



uum-type automatic dehumidifying and drying appara- 
tus for powdered or granular material according to the 
present invention. Fig. 3a and Fig. 3b show an outer 
view of a main body of a vacuum -type automatic dehu- 
midifying anddrying apparatus for powdered or granular 
material according to the present invention. Fig. 3a is its 
partially cut away front view and Fig. 3b is its side view. 
[0089] The dehumidifying and drying apparatus A in 
Fig. 2 is a floor set type wherein a double constructed 
drying hopper 1 covering a hopper main body la provid- 
ed with the cylindrical heat conducting wall 2 and the 
heating means provided around the wall 2 with a heat 
covering wall 3a is placed on the base 1d. And rollers 
1 b are provided under the base so as to be movable. 
[0090] The drying hopper 1 has a nozzle 21 , the col- 
lector 22, the material feed valve 23 and the material 
discharge valve 24 which are provided for the material 
tank. Powdered or granular material sequentially fed in 
the drying hopper 1 for dehumidifying is suck by the noz- 
zle 21 , collected in the collector 22, and fed in the drying 
hopper 1 by means of the material feed valve 23. Dehu- 
midified powdered or granular material by means of car- 
rier gas displacement in the drying hopper 1 is dis- 
charged from the material discharge valve 24 provided 
under the hopper 1 into a plastic molding machine at a 
next step. 

[0091] The material feed valve 23 and the material 
discharge valve 24 are provided with a sealing mecha- 
nism for keeping the closed drying hopper 1 airtight and 
further sealing detachable mechanisms 23a and 24a 
are provided in order that the sealing mechanism isn't 
worn away when the valves are operated. 
[0092] A material sensor 14 comprised of a level 
gauge (LV) is provided for detecting the amount of pow- 
dered or granular material in the drying hopper 1 , an 
evacuating means 27 comprised of a vacuum pump 
(VP) is provided for the base 1d for evacuating the dry- 
ing hopper 1 , the evacuating means 27 is connected to 
the upper part of the hopper dryer 1 via a pipe. The pipe 
is provided with a pneumatic sensor (PS) 26 for detect- 
ing a predetermined vacuum degree, a filter for filtering 
sucking air, an outer air introduction port 28 for returning 
the vacuum hopper 1 into atmospheric pressure, and a 
pressure gauge (PG) 28a for measuring vacuum degree 
or depressurized degree in the hopper 1. The outer air 
introduction port 28 is comprised of a solenoid valve 
(SV), however it isn't limited to such a valve. 
[0093] According to the dehymidifying and drying ap- 
paratus A, the evacuating means 27 comprises a de- 
pressurization means for generating moisture vapor or 
useless miscellaneous gas such as volatile gas from 
powdered or granular material and also works as a gas 
discharge means for discharging gaseous body includ- 
ing useless gas in the drying hopper outside. 
[0094] A leak adjustment mechanism 29 with a leak 
hole is provided with a valve 29a for introducing carrier 
gas used for carrier gas displacement and a control 
valve 29b comprising a control mechanism of introduc- 
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tion amount is connected under the drying hopper 1 and 
a blowing side of a material transport blower b 30 is con- 
nected at the lower end of the material discharge valve 
24 through a transport switch valve 31 . 
[0095] A transport filter 32 for filtering transport air is 
provided at a suction side of the material transport blow- 
er 30 and transport discharge from a plastic molding ma- 
chine at a next step or from the collector 22 is selectively 
connected to the transport filter 32 through a switch 
valve 34. A control board 33 for controlling the whole 
dehumidifying and drying apparatus A is provided for the 
base 1d. 

[0096] The main body of the dehumidifying and drying 
apparatus of powdered or granular material including 
the drying hopper 1 is constructed such that the collector 
22 is placed on the drying hopper 1 via the material feed 
valve 23 and the material discharge valve 24 is placed 
under the hopper 1 as shown in Fig. 3a and Fig. 3b. The 
blowing side of the transport blower 30 is switchably 
connected to the discharge side of the discharge valve 
24 through the transport switch valve 31 . 
[0097] The evacuating means (vacuum pump) 27 is 
provided beside the transport blower 30, the transport 
filter 32 is provided above the blower 30, and the control 
panel 33 is provided above the filter 32 for controlling 
the whole system. 

[0098] Those members are placed on the base 1 d so 
that the dehumidifying and drying apparatus A is con- 
structed compactly and movable. Therefore, the dehu- 
midifying and drying apparatus A can be conveniently 
used at desirable place. 

[0099] According to the dehumidilying and drying ap- 
paratus A utilizing carrier gas displacement, the blowing 
side of the transport blower 30 is opened by switching 
the transport switch valve 31 and the suction side of the 
transport blower 30 is connected to the collector 22 by 
switching the switch valve 34 into the collector 22 side 
so that powdered or granular material is collected in the 
collector 22 through the nozzle 21 . 
[0100] Powdered or granular material is fed and 
stored in the drying hopper 1 from the collector 22 until 
the material sensor 14 sends a signal, the material feed 
valve 23 and the material discharge valve 24 are closed 
so that the drying hopper 1 is kept airtight, stored pow- 
dered or granular material is heated by the heating 
means 3, then powdered or granular material is depres- 
surized by reducing the pressure in the drying hopper 1 
at a predetermined level by the evacuating means 27. 
[0101] Thus, moisture contained in the powdered or 
granular material is generated as moisture vapor and 
volatile component is generated as a volatile gas. 
[01 02] Moisture vapor and volatile gas are generated 
by only heating powdered or granular material. Howev- 
er, some material is deteriorated when being heated at 
high temperature. In such a case depressurization is si- 
multaneously executed so that boiling point of water is 
lowered and moisture vapor and volatile gas can be gen- 
erated at lower temperature. In order to accelerate va- 



porization and volatilization depressurization is prefera- 
bly executed at the same tim . 

[0103] Thus, while moisture vapor and volatile gas are 
generated in the drying hopper 1 , carrier gas of which 
s moisture and temperature are controlled is introduced 
from the leak adjustment mechanism 29 into the dehu- 
midifying and drying apparatus A and simultaneously 
gaseous body including useless gas in the drying hop- 
per 1 is suck by the evacuating means 27 and intro- 
io duced outside of the hopper 1, thereby powdered or 
granular material is dehumidified. 
[0104] Concretely, normal atmospheric air is used as 
carrier gas. While outer air is introduced by controlling 
the control valve 29b of the leak adjustment mechanism 
is 29, the same amount of gas as the introduced air in the 
drying hopper 1 is suck by the evacuating means 27 and 
the drying hopper 1 is kept at a predetermined reduced 
pressure by the pressure gauge 28a. 
[0105] Thus powdered or granular material is dehu- 
midified by using carrier gas displacement, powdered 
or granular material can be dehumidified by the amount 
of carrier gas several times as the actual air amount in 
the hopper dryer excluding the volume of stored pow- 
dered or granular material comparing to the convention- 
al vented dehumidifying and drying system which re- 
quires heated air several ten times as the actual air 
amount. Therefore, required gas amount for dehumidi- 
fying can be remarkably reduced, the system can be 
compact and dehumidifying can be executed efficiently 
at short time. 

[01 06] If a filter, a dryer and a heating means are pro- 
vided before the leak adjustment mechanism 29 for 
eliminating powder dust and carrier gas in which atmos- 
pheric air is heated and dried is introduced, dehumidi- 
fying can be more effectively executed. Further, nitrogen 
gas which doesn't have adverse effect on powdered or 
granular material can be used as a carrier gas depend- 
ing on the kinds of powdered or granular material. 
[01 07] It is preferable that the leak adjustment mech- 
anism 29 is connected to the bottom of the drying hopper 
1 and a suction port of the evacuating means 27 is pro- 
vided above the hopper 1 , however, the present inven- 
tion doesnt limit to such a construction. 
[0108] After dehumidifying or during dehumidifying, 
outer air is introduced by the outer air introduction port 
28 if requested by the next step. The material discharge 
valve 24 is automatically opened after the pressure in 
the drying hopper 1 is returned to atmospheric pressure 
and dehumidified powdered or granular material is dis- 
charged from the lowest layer of the lamination by 
means of the first-in-first-out plug 12. 
The switch valve 34 is switched to a plastic molding ma- 
chine side and the transport switch valve 31 is switched 
so that the material is transported to the plastic molding 
machine at a next step by the transport blower 30. 
[0109] Accordingly dehumidified powdered or granu- 
lar material can be automatically and continuously fed. 
Further, powdered or granular material to be dehumidt- 
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fied is supplied to the drying hopper 1 from the collector 
22 if necessary. 

[0110] The reason why the drying hopper 1 is returned 
to atmospheric pressure when powdered or granular 
material is discharged or fed is that outer air is rapidly 
poured in the drying hopper 1 because of the pressure 
difference from outside when the material discharge 
valve 24 is opened if the drying hopper 1 is vacuum so 
that laminated condition of powdered or granular mate- 
rial in the hopper 1 is destroyed. Therefore, if before and 
after the material feed valve 23 and the material dis- 
charge valve 24 are kept at the same pressure by keep- 
ing the collector 22 vacuum, it isn't required to return the 
hopper 1 to atmospheric pressure when material is dis- 
charged or fed. 

[0111] Fig. 4 is a partially cut away front view showing 
outer view of the main body of the other embodiment of 
the vacuum-type automatic dehumidifying and drying 
apparatus tor powdered or granular material according 
to the present invention. The same members and parts 
as the above-mentioned dehumidifying and drying sys- 
tem (Fig. 3) are referred as the same reference numer- 
als and their explanations are omitted. 
[0112] The hopper dryer 1 is constructed so as to be 
divided into two parts vertically. The independent heat- 
ing means 3 and 5 are provided for each part. 
[0113] The hopper dryer 1 in this embodiment is di- 
vided into two vertical parts, however, it may be divided 
into more than two parts. According to the dehumidifying 
and drying apparatus of the present invention, heat 
transferring direction from the heating means is mainly 
horizontal so that the drying hopper 1 can be divided 
into upper and lower parts. 

[01 14] If the drying hopper is vertically (up and down) 
divided into plural parts, maintenance such as disas- 
sembling and cleaning can be facilitated. 
[0115] Further, the vertically divided parts are provid- 
ed with the independent heating means 3 and 5 respec- 
tively and powdered or granular material in the drying 
hopper 1 can be controlled at different heating temper- 
ature at the upper or lower part, or an upper, middle or 
lower part. 

[0116] Fig. 5 is a vertical sectional view showing one 
embodiment of the material feeding vaive of the vacu- 
um-type automatic dehumidifying and drying apparatus 
for powdered or granular material according to the 
present invention. Fig. 6 is a vertical section showing 
details of the sealing detachable mechanism of the ma- 
terial feed valve. Fig. 7 is a vertical section showing de- 
tails of other embodiment of the sealing detachable 
mechanism of the material feed valve. 
[0117] Fig. 6 is an enlarged view of the sealing de- 
tachable mechanism 23a in Fig. 5. A sealing ring 23bb 
and so on are formed like a ring surrounding a feed hole 
23da at the hopper side. The section shows when a part 
is cut off. 

[0118] According to such a material feed valve 23, 
when a slide plate 23f provided with a slide feed hole 
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23fa is slid by an air cylinder 23g so as to accord with a 
receiving hole 22a of a valve case upper plat 23h pro- 
vided for a discharge outlet of the material collector 22, 
powdered or granular material is fed in the drying hopper 
5 (open). When the slide plate 23f doesn't meet with the 
receiving hole 22a, as shown in the figure, material is 
prevented from being fed (closed). 
[0119] The material feed valve 23 is provided for a 
valve case body 23d when the slide plate 23f is at a close 
to position in the figure and is provided with the hopper 
side feed hole 23da opened at the drying hopper side 
and a sealing mechanism 23b for sealing a flat part be- 
tween the hopper side feed hole 23da and the slide plate 
23f. Therefore, the drying hopper 1 can be kept airtight 
*s when the material feed valve 23 is closed. 

[0120] Further, the material feed valve 23 is provided 
with a sealing detachable mechanism 23a comprised of 
a valve case lower plate 23e as a lower guide of the slide 
plate 23f, the valve case body 23d being attached on 
the valve case lower plate 23e and forming a space 
therein, the sealing mechanism 23b contained in the 
valve case body 23d so as to be movable up and down, 
a sealing spring 23c enforcing the sealing mechanism 
23b upward, O-rings 23bb, 23bc, 23bd, 23be for keep- 
ing sealing among the sealing mechanism 23b, the 
valve case lower plate 23e and the valve case body 23d. 
[0121] According to such a sealing detachable mech- 
anism 23a, when the slide plate 23f is moved or opened, 
the sealing mechanism 23b is moved downward oppos- 
ing to enforcement force of the sealing spring 23c and 
the sealing mechanism 23b is designed so as not to 
touch the slide plate 23f as shown in the two-dotted lines 
in Fig. 6 by feeding pressurized air into an airtight space 
23ba formed by the sealing mechanism 23b, the valve 
case lower plate 23e, and the valve case body 23d. 
Therefore, the sealing mechanism 23b isnl worn away 
by the movement of the slide plate 23f so that sealing 
ability of the sealing mechanism 23b is kept for a long 
time and the durability of the material feed valve 23 is 
improved. 

[0122] The sealing detachable mechanism shown in 
Fig. 7 is a modified embodiment of the sealing detach- 
able mechanism 23a in Fig. 6. The same parts as Fig. 
6 are referred as the same numerals and their explana- 
tions are omitted. 

[0123] A sealing detachable mechanism 23a* doesn't 
use the sealing spring 23c for enforcing the sealing 
mechanism comparing to the sealing detachable mech- 
anism 23a. Instead, a sealing mechanism 23b' without 
having a spring hole is used and is moved upwardly to 
be enforced by feeding pressurized air into an airtight 
space 23bf formed by the bottom of the sealing mech- 
anism 23b' and the valve case body 23d. 
[01 24] Fig. 8 is a vertical section showing one embod- 
iment of a material discharge valve of the vacuum-type 
automatic dehumidifying and drying apparatus for pow- 
dered or granular material of the present invention. 
[0125] The discharge valve 24 also has a sealing 
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mechanism 24b and a sealing detachable mechanism 
24a like the material feed valve 23. 
[0126] According to the discharge valve 24, a slide 
plate 24h having a slide discharge hole 24ha is slid by 
a piston rod 24i of an air cylinder 24j , of which combi- 
nation construct slide plate driving means, so that the 
hole 24ha conforms with a receiving hole 24fa of a valve 
case upper plate 24f provided for a discharge hole 1c of 
the drying hopper 1 , then powdered or granular material 
is discharged from the drying hopper (open position). 
When they don't meet, powdered or granular material is 
prevented from being discharged (close positon). 
[01 27] The material discharge valve 24 is comprised 
of the sealing mechanism 24b for sealing a flat part be- 
tween the receiving hole 24fa opened at a hopper side 
of the valve case upper plate 24f and the slide plate 24h 
when the slide plate 24h is at a closing position shown 
in the figure. Therefore, when the material discharge 
valve 24 is closed, the drying hopper 1 is kept airtight. 
In this embodiment, a driving means for reciprocating 
the slide plate is composed of the air cylinder 24j with 
the piston rod 24i. 

[0128] Further, the material discharge valve 24 is 
comprised of a sealing detachable mechanism 24a 
which is provided with a valve case lower plate 24g for 
guiding the slide plate 24h, a valve case body 24e at- 
tached with the valve case lower plate 24g at its lower 
part and the valve case upper plate 24f at it upper part 
and formed with a space therein, the sealing mechanism 
24b and a sealing mechanism holding ring 24c housed 
in the valve case body 24e so as to be movable up and 
down, a sealing spring 24d enforcing the sealing mech- 
anism holding ring 24c and the sealing mechanism 24b 
downward, and an O-ring (not shown) for keeping seal- 
ing among the sealing mechanism holding ring 24c, the 
valve case upper plate 24f, and the valve case 24e. 
[01 29] According to such a sealing detachable mech- 
anism 24a, when the slide plate 24h is moved or is at 
an open condition, the sealing mechanism 24b is moved 
upward by opposing enforcing power of the sealing 
spring 24d like Fig. 6 by feeding pressurized air into an 
airtight space 24ca loaned between the sealing mech- 
anism holding ring 24c and the valve case body 24e so 
as not to touch the sealing mechanism 24b with the slide 
plate 24h. Therefore, the sealing mechanism isn't worn 
away by the movement of the slide plate 24h, sealing 
ability of the sealing mechanism 24b is kept for a long 
time, and the durability of the material discharge valve 
24 is improved. 

[01 30] The material discharge valve 24 is further pro- 
vided with a discharge subsidizing pipe 24k at a dis- 
charge side of the slide discharge hole 24ha of the slide 
plate 24h. The discharge subsidizing pipe 24k has an 
innerdiametercorrespondingtothe slide discharge hole 
24ha and extends at a fixed distance into a discharge 
direction. The inner diameter of the discharge subsidiz- 
ing pipe 24k is the same as or larger than the inner di- 
ameter of the slide discharge hole 24ha in order that 



powdered or granular material doesnt attach. 
[0131] Fig. 9a and Fig. 9b show a basic concept of 
operational principle of the discharge subsidizing pipe 
according to the present invention. Fig. 10 a and Fig. 

5 1 0b show a basic concept of operational principle of the 
conventional discharge subsidizing pipe. Fig. 9a and 
Fig. 10a show an opened condition and Fig. 9b and Fig. 
10b show a condition immediately before being closed. 
[0132] Function and effect of the discharge subsidiz- 

io jng pipe 24k will be explained. 

[0133] According to the conventional material dis- 
charge valve in Fig. 1 0, the valve is opened and closed 
by sliding a slide plate 1 22 having a slide discharge hole 
1 22a with the same diameter of a hopper discharge hole 

*5 121a against a plate 1 21 with the hopper discharge hole 
121a. Under opened condition in Fig. 10a, material is 
stabilized and isn't discharged further at the time when 
a piled material (m) defined by an angle of repose a 
which is inherent to powdered or granular material is 

20 formed. 

[0134] Under such a condition, when the slide plate 
1 22 is going to be closed, powdered or granular material 
(mp), formed by the angle of repose a, which is stabi- 
lized and remaining stationary is left immediately before 

25 the slide plate 122 is closed like Fig. 10b. Therefore, 
powdered or granular material at its position is remained 
and apt to be caught by the hopper discharge hole 121a 
of the plate 1 21 and the edge of the slide discharge hole 
122a of the slide plate 122. 

30 [01 35] On the other hand, when the discharge subsi- 
dizing pipe 24k is provided, piled powdered or granular 
material (n) defined by the angle of repose a of pow- 
dered or granular material is lormed under an open con- 
dition in Fig. 9a, however, the piled material (n) is formed 

35 lower than the end of the discharge subsidizing pipe 24k 
comparing to the piled material (m) of the conventional 
art. 

[0136] When the slide plate 24h is closed, there is al- 
ways a place where powdered or granular material isn't 
40 charged at the tip end of the discharge subsidizing pipe 
24k so that material discharge flow from the drying hop- 
per 1 to a discharge side is always produced in the dis- 
charge subsidizing pipe 24k. 

[01 37] Powdered or granular material (np), fomred by 
45 the angle of repose a, which is stabilized and remaining 
stationary is left like Fig. 10, however, it is shown only 
at the tip of the discharge subsidizing pipe 24k so that 
it doesn't become a problem. Therefore : powdered or 
granular material always flows in a discharging direction 
50 between the slide discharge hole 24ha of the slide plate 
24h and the receiving hole 24fa of the drying hopper side 
which are being closed (Fig. 9b). Accordingly material 
is prevented from being caught therebetween. 
[0138] Fig. 11 is a partial plane view showing a dust 
55 scattering mechanism of the discharge valve of the pre- 
ferred embodiment. 

[0139] The dust scattering mechanism will be ex- 
plained referring to Fig. 8 and Fig. 11 . 
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[0140] In Fig. 11 the material discharge valve 24 in 
Fig. 8 is seen from above when the valve case body 24e, 
the sealing mechanism 24b, the sealing mechanism 
holding ring 24c, the valve case upper plate 24f and the 
valve case lower plate 24g are removed. In this figure, 
the solid line shows a cbsed condition of the slide plate 
24h (same as Fig. 8) and the dotted line shows an open 
condition. 

[0141] The valve case lower plate 24g of the material 
discharge valve 24 is provided with a pair of dust scat- 
tering mechanisms 24ga opposing each other so as to 
embrace the slide discharge hole 24ha when the slide 
plate 24h is opened. 

[01 42] When the slide plate 24h is opened, the sealing 
mechanism 24b is apart from the slide plate 24h as ex- 
plained in Fig. 8 and dust of powdered or granular ma- 
terial from a discharge side is apt to be scattered on the 
surface of the slide plate 24h. If such dust remains at 
the hatched part in the figure, namely at the part which 
should be sealed by being contacted with the sealing 
mechanism 24b when the slide plate 24h is closed, there 
is an adverse effect on sealing ability. 
[01 43] When the slide plate 24h is closed, pressurized 
air is injected from the dust scattering mechanism 24ga 
and a cycle flow is formed so as to cover the hatched 
part before the sealing mechanism 24b touches the 
hatched part for sealing. Therefore, at least the dust on 
the hatched part is scattered away so as to drop in a 
discharge side and sealing ability of the valve is im- 
proved. 

[01 44] Fig. 1 2 is a schematic diagram showing a cool- 
ing mechanism of a preferred embodiment of a vacuum- 
type automatic dehumidifying and drying apparatus for 
powdered or granular material according to the present 
invention. 

[01 45] The different parts from Fig. 2 will be explained 
hereinafter and the common parts are referred as the 
same numerals and their explanations are omitted. 
[0146] According to such a cooling mechanism, after 
all the powdered or granular material is discharged from 
the collector 22 and the drying hopper 1 , piping from the 
nozzle 21 to the collector 22 is shut off, the material feed 
valve 23 and the material discharge valve 24 are 
opened, piping to a plastic molding machine at a next 
step is opened, the material switch valve 31 is switched 
so as to discharge heated air in the drying hopper 1 by 
blowing air from the transport blower 30 for transporting 
material, the blower 30 is operated so that outer air 
passes through the drying hopper 1 from the material 
collector 22 and is discharged outside. 
[0147] Such a cooling mechanism is provided be- 
cause inner cleaning can't be done for exchanging a lot 
of powdered or granular material under normal heating 
condition (130°C ~ 140°C) and it takes a long time for 
cooling and exchanging a lot of material when the sys- 
tem is left as it is. 

[01 48] It has taken two or three hours for cooling if the 
cooling mechanism isn't provided. However, cooling 



tim becom s 20 or 30 minutes and exchanging tim of 
material lot can be remarkably reduced by providing the 
cooling mechanism. 

[0149] Fig. 1 3 is a schematic diagram showing a ma- 
5 terial exhausting mechanism of a preferred embodiment 
of a vacuum-type automatic dehumidifying and drying 
apparatus for powdered or granular material according 
to the present invention. 

[01 50] The material exhausting mechanism is provid- 
10 ed for introducing its cut opening into a separately pro- 
vided remaining material container 40 while piping to a 
plastic molding machine at a next step is temporarily cut 
off. 

[0151] Conventionally powdered or granular material 
is remained in the drying hopper 1 in case of exchanging 
a material lot has been discharged from a drain provided 
under the material discharge valve 24. However, collect- 
ing operation at such a low position forces an operator 
into a low posture and improvement has been desired. 
20 [01 52] Operation can be done at comfortable position 
by providing such a material exhausting mechanism. 
[01 53] Fig. 1 4 is a schematic diagram showing a dust 
collection mechanism of a preferred embodiment of a 
vacuum-type automatic dehumidifying and drying appa- 
2S ratus for powdered or granular material according to the 
present invention. 

[0154] The dust collection mechanism is applied 
when the hopper dryer 1 is cleaned with pressurized air 
by removing the detachable upper cover 8 of the drying 

30 hopper 1 . 

[0155] In this case, the transport switch valve 30 and 
the switch valve 34 are operated, piping to a plastic 
molding machine at a next step is connected to a suction 
side of the switch valve 34 by means of a bypass piping, 

35 gas in the drying hopper 1 is suck and collected by 
means of the transport blower 30, and air flow passing 
through the transport filter 32 is generated. 
[01 56] Accordingly dust in the drying hopper 1 caused 
in case of cleaning is suck and collected in the transport 

40 filter 32 so that scattering of dust can be prevented. 



Claims 

45 1. A vacuum-type automatic dehum id if ying and drying 
apparatus for powdered or granular material such 
as a pelletized or powdered resin or the like, pro- 
vided with a drying hopper (1) connected to an 
evacuating means (27) having at its bottom a ma- 

50 terial discharge valve (24), and with a material col- 
lector (22) communicating with the drying hopper 
(1 ) via a material feed valve (23) above the drying 
hopper (1) for collecting the powdered material 
therein, characterized in that the drying hopper (1) 

55 js double constructed and has a cylindrical main 
body (la) made of a high heat conductivity material 
provided on its inner peripheral surface with plural 
fins (6), which define compartment walls, projecting 
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inwardly and on its outer peripheral surface with a 
heating means (3) surrounding said cylindrical main 
body (la), said hopper (1) being constructed such 
that said main body (la) is outwardly enclosed with 
a heat insulation wall (2), in that an outer air inlet s 
(28) is provided with said main body (la) for intro- 
ducing outer air into said drying hopper (1 ), in that 
furthermore a material sensor (14) in said hopper 
(1 ) for detecting amount of the material stored in 
said hopper (1 ), and in that an evacuating means 10 
(27) connected to said main body (1 ) for evacuating 
said main body (1), whereby powdered material 
which is fed and stored in said drying hopper (1) 
until said material sensor (1 4) is turned off is heated 
in said main cylindrical body (1 ) by driving said heat- is 
ing means (3) while keeping said drying hopper (1 ) 
vacuum by said evacuating means (27) during de- 
humidifying and drying process, while required 
amount of dehumidified and dried powdered mate- 
rial in said drying hopper (1 ) is discharged by open- 20 
ing the material discharge valve (24) after said dry- 
ing hopper (1) is returned to an atmospheric pres- 
sure condition by opening said outer air inlet (28), 
and sequentially powdered material is fed again 
from the material collector (22) to said hopper for 2s 
next dehumidifying and drying process by opening 
said material feed valve (23) until said material sen- 
sor (24) is turned off. 

2. The vacuum-type automatic dehumidifying and dry- 30 
ing apparatus as set forth in claim 1 , wherein said 
drying hopper ( 1 ) is provided with a leak adjustment 
mechanism (29) with a leak hole for controlling in- 
troduction amount of a carrier gas to be fed from 
outside into said drying hopper (1), of which mois- 35 
ture and temperature have been previously control- 
led, whereby miscellaneous useless gas generated 

in said drying hopper (1 ) is discharged correspond- 
ing to the amount of said carrier gas introduced 
through said leak adjustment mechanism (29) by 40 
driving said evacuating means (27) during dehu- 
midifying and drying process. 

3. The vacuum-type automatic dehumidifying and dry- 
ing apparatus in any of claims 1 to 2, wherein said 45 
drying hopper (1) comprises an outer compartment 
member (2) provided on its inner peripheral surface 
with said plural fins (6), defining compartment walls, 
radially projecting toward the center of said main 
body (la), each fin (6) of said outer compartment so 
member (2) being formed at its upper end with an 
upper cut-away portion (61 ) which is inclined down- 
wardly to the center of said main body (la) and at its 
lower end with a lower cut-away portion (71 ) which 

is inclined downwardly to the center of said main ss 
body (la), an inner compartment member (4) dis- 
posed in the center space of said main body (la) and 
having plural fins (7) radially projecting toward said 



fins of said outer compartment member, each fin (7) 
of said inner compartment member (4) being 
formed at its upper end with an upper cut-away por- 
tion (71) which is inclined downwardly to said fins 
of said outer compartment member and at its lower 
end with a lower cut-away portion (72) which is in- 
clined downwardly to said fins (6) of said outer com- 
partment member, and a bevel regulating member 
(12) disposed under said inner compartment mem- 
ber between a material discharging hole (1 c) of said 
drying hopper (1) and said inner compartment 
member (4), whereby material fed into said drying 
hopper (1) is sequentially dehumidified and dried in 
said drying hopper (1 ) and thereafter discharged in 
a manner of first-in and first-out execution. 

4. The vacuum-type automatic dehumidifying and dry- 
ing apparatus as set forth in any of claim 1 to 3, 
wherein said material discharge valve (24) further 
comprises a slide plate (24h) with a material dis- 
charging hole (24ha) slidably disposed under a ma- 
terial discharging hole (1c) provided at the lower 
portion of said drying hopper (1), a discharge sub- 
sidizing pipe (24k) for inducing the material stored 
in said drying hopper (1) through said material dis- 
charging hole (24ha), said discharge subsidizing 
pipe (24k) having a material induction portion pro- 
jecting downwardly, and a driving means for recip- 
rocating said slide plate (24h) between an open po- 
sition for discharging the material where said mate- 
rial discharging hole (24ha) of said slide plate con- 
forms with said material discharging hole (1c) of 
said drying hopper (1 ) and a close position for stop- 
ping discharging of the material. 

5. The vacuum-type automatic dehumidifying and dry- 
ing system as set forth in any of claim 1 to 4, wherein 
said material feed valve (23) is provided at an upper 
cover (8) of said main body (la) of said drying hop- 
per (1 ), said cover (8) is detachably attached to said 
main body (1a) of said drying hopper (1). 

6. The vacuum-type automatic dehumidifying and dry- 
ing system as set forth in any of claim 1 to 4, wherein 
said material feed valve (23) is provided at an upper 
cover (8) of said main body (la) of said drying hop- 
per (1 ), said cover (8) is pivotally jointed to said main 
body (la) of said drying hopper (1) in a manner ca- 
pable of being opened and closed. 
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a material sensor (14) for detecting amount of the ma- 
terial stored in the hopper (1), and an evacuating means 
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